The effect of a schiff base 2-(2-hydroxybenzylideneamino)phenol (HBAP) and its corresponding three 3d-transition metal complexes viz. Mn-HBAP, Co-HBAP and Ni-HBAP on the corrosion inhibiting behaviour against chrome steel bearing balls in 0.1 N HNO 3 solution were investigated by means of conventional weight loss method, potentiodynamic polarization and scanning electron microscopy (SEM) studies. The adsorption nature of all inhibitors over chrome steel surface were spontaneous and were best fitted by Langmuir's adsorption isotherm. Stability of complexes in acid media were supported from spectrophotometry measurements. The mixed mode of inhibition was confirmed from polarization and inhibition efficiency (% I.E.) could be increased with concomitant increase in inhibitor concentration in bulk experimental solution. Correlation between the inhibitive effect and molecular structure of inhibitor's was further supported by Density Functional Theory (DFT) like quantum chemical calculation. An effective quick prediction about each and individual inhibitor on inhibitor/metal interface about simultaneous effect of varying concentration and reaction time was successfully exploited by Design of experiments (DOE).
INTRODUCTION
The use of corrosion inhibitor of protecting metal surfaces against agressive environments is an effective measure and has received considerable attention from academic and industrial point of view [1] . Now a days preventive steps have been taken care with prior importance to inhibit corrosion of useful materials in various acid like aggressive environments [2] . Initiatives towards corrosion inhibition of steel are of prior importances because of safety and keeping in mind their economic consequences [2] . Chrome steel balls, are one type of alloy steel balls, represents an important category of material due to their versatile uses in manufacturing, bearing industries and many other related fields [3] . However to prevent chrome steel balls against acid like aggressive solutions, exploration of new inhibitors is considered to be the most effective and sensible attempt to protect many metal and alloys aganist such type of adverse environmental site [4, 5] . Most well known acid inhibitors are organic schiff bases with heteroatoms like N, O and S etc [6] [7] [8] [9] [10] [11] . These are well known due to their versatility of inhibition having lone pairs of electrons, multiple bonding and conjugated π bond arrangements [12, 13] . There are a considerable number of reports available in literature concerning schiff bases as corrosion inhibitor, however relatively a very very few evidences are there about the usefulness of corresponding metal schiff base complexes as inhibitors [14] . In acid medium the inhibition role of schiff base metal complexes on chrome steel surface is scanty in the literature [15] .
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The aim of this study is to investigate the chemical and electrochemical effectiveness of a few selective 3d-transition metal-schiff base complexes (Mn, Co, Ni) as corrosion inhibitor for chrome steel in 0.1 N HNO 3 solution through conventional weight loss experiment, UV-Vis spectroscopy, infra red (IR) analysis, potentiodynamic polarization and scanning electron microscopy (SEM) studies. A statistical approach has been taken into consideration during selection of input parameters (e.g.; metal factor, concentration and reaction time etc) for DOE studies. DOE method is hereby adapted to get an empirical performance model for corrosion inhibition test. The simultaneous effect of input parameters on corrosion inhibition has been observed through regression analysis method. DFT like quantum chemical approach has been implemented for drawing correlation between inhibitors inhibition and their molecular stucture.
EXPERIMENTAL
Polarization curve measurements were carried out by the coventional three electrode cell system. Here, in this work chrome steel was used as a working electrode, platinum sheet and saturated calomel electrode was used as counter and reference electrode respectively. Polarization curve measurment were collected at a scan rate of 1 mV/min. All experiments were studied at room temperature. Chemical composition of working electrode, here chrome steel is as follows (wt.%) C, 0.96; S, 0.025; Mn 0.20; P, 0.025; Si, 0.35; Cr, 1.35; rest Fe. The chrome steel ball was fixed in a polypropylene make holder with a seal of PTFE (poly tetrafluoro ethylene) in such a way that only one surface was left uncovered. The exposed surface area of 1cm 2 was mechanically abraded with a series of emery papers. The samples were then washed with double distilled water, followed by AR grade ethanol, and finally washed with distilled water twice, just before insertion in the three electrode cell chamber. In this study structure of all three metal schiff base complexes and the precursor HBAP ligand itself was confirmed by elemental analysis, ESI-MS (Advion Compact mass spectrometer, serial no 3013-0140), IR and UV-Vis studies. IR measurment were done in Perkin Elmer Spectrum 100, while UV-Vis measurements were carried out in CARY 60 and SEC2000, ALS Japan instrument. Electrochemical polarization were performed in Biologic make SP-150 Potentiostat/galvanostat. SEM studies were carried out on Hitachi S-3000N, Japan.
General Procedure for Synthesis of Schiff Base and its Metal Complexes
HBAP was synthesized from reaction between equimolar amounts of salicyaldehyde and 2-amino phenol through a simple condensation reaction in metanolic medium (Scheme 1).
Preparation of HBAP
To a stirring solution of salicylaldehyde (2 mmol) in methanol (20 ml) under normal temperature (298K) and pressure, 2-amino phenol (2 mmol) was added in fraction for 15 minutes in 1:1 ratio and stirring was continued for 5 hrs. A deep orange colored microcrystalline precipitate was formed. 
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Preparation of bis Manganese 2-(2-hydroxybenzylideneamino)phenol, (1)
The ligand HBAP (2 mmol) was taken in methanol (20 ml) and triethyl amine (4 mmol) was added for deprotonation. A methanolic solution of Mn II Cl 2 .4H 2 O (1 mmol) salt was added to the methanolic solution of the ligand in a 1:2 ratio under normal temperature and pressure. An immediate sharp color change from reddish orange to dark brown was observed. After 5 hours of stirring, the reaction mixture was dried in air from which compound 1 was obtained in high yield (75%). The product air dried was collected for further use. Anal. Cal. For C 26 
Preparation of bis Cobalt 2-(2-hydroxybenzylideneamino)phenol, (2)
The ligand HBAP (2 mmol) was taken in methanol (20 ml) and triethyl amine (4 mmol) was added for deprotonation. A methanolic solution of Co II Cl 2 .6H 2 O (1 mmol) salt was added to the methanolic solution of the ligand in a 1:2 ratio. An immediate sharp color change from reddish orange to reddish brown was observed. After 5 hours of stirring, the reaction mixture was dried in air from which compound 2 was obtained in high yield (70%). The product was dried in air and collected for further use. The entire reaction was carried out under normal temperature (298K) and pressure. Anal. Cal. For C 26 
Corrosion Inhibition Study
This section describes the materials and methods used during the study of corrosion of mild steel in 0.1 N HNO 3 solution [16] in the presence and absence of various concentrations of inhibitors. A series of Weight loss experimental measurments were carried out in free 0.1 N HNO 3 solution and in solution containing different concentration of inhibitors of interest. The results obtained from these investigations have been used and thoroughly investigated to explain the mechanism of corrosion inhibition.
Material Preparation
Chrome-steel ball was used here for corrosion study and examing inhibition effect of transition metal chelates. The balls were purchased from the Technocon Engineers, India. Prior to use all those balls are cleaned by sand papers followed by proper cleansing in absolute ethanol and finally with double distilled water. After cleaning the ball, these were fully dried in oven for 2 h at 90°C.
Weight Loss Method
The effect of addition of different schiff base metal compound inhibitors were studied by weight loss measurements at 25˚±2˚C after 24 h of immersion of chrome steel balls at the desired concentration range of all the four inhibitors in 25ml of stagnant aerated solution of 0.1 N HNO 3 . At the end of the tests the balls were taken out and samples were washed with ethanol followed by double distilled water and dried before weighing. The weight of the balls before and after immersion was determined using an analytical balance (precision: ±0.1 mg). Three measurements were performed in each case and the mean value of the weight loss has been taken. The weight loss experiments using inhibitors at different concentrations are done repeatedly (3 times) which was always reproduced within the limits of permissible error range and weight loss of metal with change in concentration of different inhibitors was given in Figure 1 . It was also observed from the table that percentage of inhibition efficiency increases with increase in concentration of inhibitors. Herein among the four described inhibitors Ni-HBAP behaves as one of the best inhibitors.
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Adsorption Isotherm
The adsorption of inhibitors on the metal/surface interface has been considered as the root causes of corrosion inhibition. The efficiency of the inhibitor depends on the number of active site presents in the inhibitor, molecular size, metal inhibitor interactions and metallic complex formations. The degree of surface coverage value () in different concentration of inhibitors at room temperarture have been used to fit the best isotherm. Data obtained from weight loss measurements are tested graphically for fitting various types of adsorption isotherm including Langmuir, Temkin and Frumkin. The linear relationships of C/ Vs C has been shown in Figure 2 and it was observed for all these inhibitor compounds the best fit was obtained with the Langmuir adsorption isotherm. The experimental equation of Langmuir adsorption isotherm can be represented by following Equation 3.
Where  is the degree of surface coverage, 'K ads ' is the adsorption equilibrium constant for the adsorption process and 'C' is the concentration of the inhibitor in mole litre -1 in bulk solution. A strong correlation (R 2 ) of the Langmuir adsorption isotherm for HBAP and its compound (Mn, Co and Ni HBAP) was observed. Adsorption of inhibitor on the adsorbent is of monolayer in character which was confirmed from Langmuir adsorption. Adsorption equilibrium constant (K ads ) for HBAP and its metal complexes, correlation factor (R 2 ) were all tabulated in Table 2 .
A relatively higher value of their adsorption isotherm constants reflects the higher adsorption ability of these inhibitor molecules on chrome steel surface. Standard Gibb's free energy change of adsorption (ΔG Where R is the universal gas constant and T is the absolute temperature. The value of 55.5 is the molar concentration of water in solution and it is expressed in mol l -1 . The calculated ΔG 0 ads has been shown in Table 2 and its negative value implies that the spontaneity of adsorption by these molecules on metal surface. It is well known that ΔG 0 ads values around -20 kJ mol -1 or lower are consisted with electrostatic interaction between charged organic molecules and charged metal surface (physisorption) and those around in the range of -40kJ mol -1 or higher are due to charge transfer or sharing of the organic or hybrid inhibitor molecules to the metal surface via coordinate bond (chemisorption) [17] . The values of ΔG 
Polarization Measurements
Tafel polarisation plots for all inhibitors were recorded on chrome steel working electrode in 0.1 N HNO 3 of which the inhibitors showing lowest and highest inhibition efficiency e.g.; HBAP and Ni-HBAP acid solution are shown in Figure 3 (a) and (b). Electrochemical corrosion kinetic parameters, i.e.; corrosion potential (E corr ), cathodic (β c ) and anodic tafel slope (β a ), corrosion current (I corr ), inhibition efficiency (I.E.) and surface coverage (θ) obtained by extrapolation of the Tafel lines are shown in Table  3 . It was observed that in both anodic and cathodic reactions on chrome steel electrode surface, corrosion are going to be inhibited by increasing concentration of HBAP as well as metal-HBAP compounds. This result suggests that with increasing addition of synthesized HBAP and it's complexes, it reduces anodic dissolution and also retards hydrogen evolution reaction [18] . The calculated inhibition efficiency (% I.E.) is calculated using the following Equation 5, 6. ) it was observed that addition of different concentration of inhibitors had no definite trend in the shift of E corr values but a pronounced effect was found on both the cathodic and anodic part of the polarization curve. This can be recognized as a classical evidence of inhibitor compounds of mixed type [19] [20] [21] . The similar trend was also followed for the rest two inhibitors (Co-HBAP and Mn-HBAP). Electrochemical parameters of representative HBAP and Ni-HBAP inhibitor's on chrome steel surface was given in Table 3 .
UV-Vis Absorption Studies
It is essential to investigate the stability of HBAP and its corresponding Mn, Co and Ni complexes in 0.1 N HNO 3 test solution on the corrosion behaviour of chrome steel. The stability of all entitled complexes were studied using spectrophotometric technique at room temperature where UVVisible absorption spectra were measured for the complexes in absolute ethanol and in 0.1 N HNO 3 test solution respectively. The resultant curves are thereafter compared to each other, Figure S1 (a)-(c) .
UV-Visible absorption spectra obtained for compound Mn-HBAP [ Figure S1 (a)] is of similar trend and nearly identical in both ethanol as well as in HNO 3 solutions. In ethanolic solution sharp peak appears at 245 nm followed by ~318 nm and an another band appears at ~409 nm. In acid solution the complex peaks are appearing at ~236, 313 & 427 nm respectively. The complex-acid solution bands have low intensity compare to their alcoholic solution. This incident may be attributed to partial hydrolysis of complex in acid medium. Similar absorption behaviour for complex in both medium confirms the stability of Mn-HBAP complex in acid solution. UV-Visible absorption spectra obtained for Co and Ni-HBAP complexes [ Figure S1 
Ni-HBAP complex, in ethanolic solution peaks appear at ~212 nm followed by ~316 nm [ Figure S1 (c)]. For the same inhibitor in acid solution the peak appears at mostly 246 and 319 nm. All the inhibitors confirm their stability in both acid as well as in alcoholic solution. 
Scanning Electron Microscope (SEM) Analysis
The effect of inhibitors on corrosion process were examined by SEM analysis (Figures 4 and 5) . The chrome steel balls were exposed to 0.1 N HNO 3 solution in presence and absence of all inhibitors. Figures 4 and 5 showed SEM images of specimen chrome steel ball surface after immersion in 0.1 N HNO 3 solution with and without addition of inhibitors like HBAP and it's corresponding metal complexes. Small number of pits and cracks were observed after the addition of inhibitors in the acidic medium. The surface smoothness of inhibited metal plane compare to uninhibited metal surface plane is due to protective layer formation over chrome steel surface in acid medium. Thereby it is strengthened that HBAP and it's metal coordination complexes have the potential to act as an inhibitor by producing a protective layer on the steel surface.
SEM micrograph in Figure 4 (a) and (b) clearly revealed that in absence of HBAP and metal complexes the chrome steel surface could be strongly damaged due to metal dissolution in aggresive acid solution medium and large number of cracks and pits were observed all over the metal surface. The SEM micrograph for chrome steel ball after immersion in inhibitor like HBAP and compound 1-3 (0.4 mM) in 0.1 N HNO 3 solution was shown in Figure 5 . It was clearly noticed that in presence of HBAP and metal-HBAP inhibitor complex the surface features of the chrome steel ball layer was modified with respect to same material in blank acid solution. It is noteworthy that among four inhibitor's the cracking, pitting and roughness of chrome steel reduced to a considerable amount with inhibitors like 1 and 3 compare to blank acid solution. SEM micrograph (Figures S2-S5 ) for inhibitors clearly demonstrates that pits and cracks on 
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Vibrational Spectra
FTIR data for HBAP and its Mn, Co and Ni entitled inhibitor complexes were presented in Tables S4-S7 . Spectrum of pure HBAP and its corresponding complexes were shown in Figure 6a , 6b and Figures S6-S9 . In FTIR spectrum of chrome steel corrosion product containing HBAP, it was found that C=N stretch at 1630 cm -1 [22] shifted to 1602 cm -1 , the -C-H stretch at 3042 cm -1 [23] shifted to 2927 cm -1 . These shifts in frequencies suggest that there is an obvious interaction between the metal and the inhibitor surface and these interactive bond must have been used in corresponding adsorption process on chrome steel surface ( Figure 6a and Table S4 ). Similar trend was also followed of Mn-HBAP inhibitor on chrome steel. The C-C stretch at 1461 cm -1 [24] shifted to 1382 cm -1 , the C=N stretch at 1597 cm -1 [25] shifted to 1602 cm -1 , the -C-H stretch at 2942 cm -1 changed to ~2920 cm -1 . For inhibitor Co-HBAP the C-C stretch at 1476 cm -1 [24] shifted to 1461 cm -1 , the -C=N stretch at 1612 cm -1 [26] shifted to 1624 cm -1 and the -C-H stretch at 2970 cm -1 was shifted to 2927 cm -1 . These shifts in frequencies again suggest an obvious interaction between the metal and the inhibitor (Supporting information, Figures S6-S9 and Tables S5 and S6 ). Figure 6b (iii) represents the FTIR spectrum of pure sample of Ni-HBAP and Figure 6b (iv) represents the FTIR spectrum of the chrome steel corrosion product containing 0.4 mM of Ni-HBAP inhibitor. Similar to others, in presence of Ni-HBAP on chrome steel, C-C Stretch at 1469 cm -1 [24] was coming at 1454 cm -1 , C=N stretch at 1612 cm -1 [26] red shifted to 1623 cm -1 and the -C-H stretch at 2934 cm -1 transferred to low frequency 2920 cm -1 . All these shifts in frequencies suggest that there is a strong interaction between the metal and inhibitor surfaces, which was reflected in IR stretches.
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Experimental Design Analysis
An experiment could be defined as a test or series of tests that manipulate the input variables within a process in order to observe and identify the reasons for changes in the output response [27] . In previous discussion vide section-3 supra, the one-factor-at-a-time method [28] applied where the setting of one factor changed to see its effect on the output, keeping the other factors constant. This one-factor-ata-time approach do not consider interactions among other factors. When the factors are changed simultaneously, any influence that one factor has on the other becomes apparent in the resulting response. Design of experiment (DOE) is a powerful tool [29] that provides more information than one-change-at-atime traditional methods, because it allows a judgement on the significance of not only input variables of factors acting alone (main effect), but also factors acting in combination with one another (interactions). A good design can decrease the number of experiments and times. Widely used statistical methods are BoxBehnken Design (BBD) and Central Composite Design (CCD).
Box and Behnken [30] in 1960 introduced a design for three level factors that are widely used in response surface methods to fit second-order models to the response. The design is obtained by the combination of 2 2 designs with a balanced incomplete block design having three treatments and three blocks. The advantages of Box-Behnken designs include the fact that they are all spherical designs and they estimate all linear effects, all quadratic effects, and all linear two way interactions. Yet another advantage of these designs is that there are no runs where all factors are at either the +1 or -1 levels. This could be complicated when the corner points represent runs that are expensive or inconvenient because they lay at the end of the range of the factor levels. The coding of the factors was shown in Table S8 .
We performed several weight loss experiments following variable inhibitor concentration, time and different inhibitory material. There are seventeen different runs with the help of DOE. The outcome in terms of efficiency will help us to draw conclusions which material can be most effective as an inhibitor at a particular reaction condition and which is least effective as an inhibitor (vide Table S9 and SEM images Figures S2-S5 ).
ANOVA Analysis
ANOVA method was used to uncover the main and interaction effects of categorical independent variables on dependent variables. Main effect is the direct effect of an independent variable on the dependent variable. Interaction effect is the joint effect of two or more independent variables on the dependent variable [31] . In this paper, composition (A), concentration (B) and Time (C) are the main factors considered for the DOE of corrosion inhibitor model. The cross-effect of two factors is considered to obtain the relation of main factors. There is one model of variance for corrosion inhibition efficiency as shown in Table S9 . Here analysis of variance was done using commercial software package [27] .
Canadian Chemical Transactions
The ANOVA use different terms [27] where, the sum of squares is the total of the sum of squares residual (error) variance. If the variances are close to the same, the ratio would be close to one and it is less likely that any of the factors have a significant effect on the response. This was calculated by model mean square divided by residual mean square. Prob > F is the measure of probability of seeing the observed F value if the null hypothesis is true (there is no factor effect). If the Prob>F value is very small (less than 0.05) then the terms in the model has a significant effect on the response. There is only a 0.47% chance that a "Model F-Value" this large could occur due to noise. Values of "Prob > F" less than 0.0500 indicate model terms are significant. In this case B, C, A 2 are significant model terms. The "Lack of Fit F-value" of 36.31 implied the Lack of Fit is significant. There is only a 0.23% chance that a large "Lack of Fit F-value" can occur due to noise. "Adeq Precision" measured the signal to noise ratio. A ratio greater than 4 is desirable. In present analysis, the ratio of 11.405 indicates an adequate signal. This model can be used to navigate the design space.
Response Surface Analysis
After selecting the useful parameters in DOE, the response surface analysis was performed to get an empirical relation between response variables and input variables.
Corrosion Inhibition efficiency (%) = 13.71+0.64×A+4.62×B-2.71×C-0.31×A×B-1.80×A×C+0.87× B×C-3.88×A 2 +0.13×B 2 +1.90×C 2 .
Three dimensional diagrams for the response were plotted under certain range of input variables. Each plot has been drawn against two independent parameters while remaining parameter is set at its mean level. Figure 7 (a) and S10 (a), showed the variation of corrosion inhibition efficiency with concentration of complex and time. These plots reveals that concentration of complex has greater influence on corrosion inhibition process. The better inhibition is achieved in minimum time when concentration of complex was increased. Figure 7 (b) and S10 (b), depicted the variation of corrosion inhibition efficiency with concentration of different complexes. For a particular concentration, Manganese (coded value zero) gave better performance than other elements. At higher value of concentration, Cobalt (III) with no metal based unpaired electron responsible for corrosion inhibition, could even provide same results as Manganese. Figure 7 (c) and S10 (c), showed the variation of corrosion inhibition efficiency with time for different complexes. As it was seen that Nickel and Maganese gave better performance in terms of inhibition efficiency at lower range of time used for experiments. Performance of Cobalt did not vary so much with time where as the performance of Nickel deteriorate with time.
Quantum Chemical Calculations
Quantum chemical calculation was performed to exemplify the relationship between the inhibitor molecular properties and their inhibition eficiency. The inhibition efficiency of these inhibitors showed there is a certain correlation between HOMO-LUMO energy gap, atomic charges and order of reactivity. The use of electron density instead of the wave function for the calculation of the energy constitutes the fundamental base of DFT. A high value mostly expresses the most important intrinsic electron donating tendency to an appropriate acceptor. The difference between (E = E LUMO -E HOMO ) calculation provides information about the relative behaviour of molecules and are presented in Table 5 . The inhibition of chrome steel using HBAP and its three metal complexes as a corrosion inhibitor were studied experimentally and it was clearly observed that inhibition efficiency increased with increasing concentration of inhibitor. We had included here quantum chemical calculation as a supportive evidence to compare the experimental data as well as for the selection of better corrosion inhibitor among the ORCA programme package (version 2.7.0) [32] . Geometry optimizations of the complexes were performed with B3LYP [33] [34] [35] [36] functional level of DFT. The all-electron Gaussian basis sets were developed by the Ahlrichs group [37, 38] . In this calculation triple-ζ quality basis sets TZV(P) with one set of polarization functions on the metals and on the atoms directly coordinated to the metal center were hereby used [37] . For atoms like carbon and hydrogens, slightly smaller polarized split-valence SV(P) basis sets were used which were of double-ζ quality in the valence region and have a polarizing set of d functions on the nonhydrogen atoms. SCF calculations were tightly converged ( mostly expresses the most important electron donating tendency to an appropriate acceptor. The difference between E LUMO and E HOMO calculation provides information about the relative behaviour of molecules and are represented in Table 5 . The adsorption ability of the molecule on the metal surface is related to their frontier molecular orbital i.e. highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO). E HOMO measure the tendency of inhibitor towards the donation of electrons. Higher the HOMO energy of the inhibitor better the tendency of it towards donation of electron to the acceptor molecule with low lying empty orbital. Therefore higher value of E HOMO implies that better the donating capability of inhibitor and therefore better the inhibition efficiency will be observed. The energy of lowest unoccupied molecular orbital (E LUMO ) signifies ability of molecules to accept electrons. So, the binding ability of inhibitor on the metal surface increases with increasing energy of HOMO and decreasing the energy of LUMO.
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From the frontier molecular orbital theory (FMO) it is known that transition of electron from the reacting species is due to the interaction between highest occupied molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) [39] . E HOMO is often associated for the electron donating ability of the inhibitor [40] . Inhibitors not only donate electron to the unoccupied d-orbital of metal but also form a back bonding by accepting electron from the d-orbital of metal. Thus the tendency towards backbond formation would depend on the value of E LUMO.
DFT-derived Mulliken Spin Density Plot of QRO's (Quasi-restricted orbitals) and UCO's (unrestricted corresponding orbitals) of ligand HBAP and metal-HBAP complexes are shown in Figures  8, 9 , S11 and S12. The energy gap ΔE= E LUMO -E HOMO, is an important parameter for adsorption of inhibitor on metalic surface. As ΔE decreases reactivity of the inhibitor increases leading to increase in inhibition efficiency of the inhibitor. A large HOMO-LUMO gap implies higher stability and therefore less effectiveness of the complex molecule towards inhibition [41] . As far Gece's paper it is very clearly understood that less negative HOMO and small energy gap reflected stronger adsorption possibility and greater inhibitor efficiency [42] . The energy gap ΔE calculation of HBAP and all three metal-HBAP inhibitor molecules are tabulated in Table 5 . The wet lab studies have shown that Ni-HBAP is the best inhibitor in this series, followed by Mn and Co-HBAP. This wet lab outcome goes well with outcome from quantum chemical calculation. The order of reactivity of HBAP and it's metal-complexes as inhibitors are fully corroborated with experimental results which is as follows: The inhibition efficiency order : Ni-HBAP > Mn-HBAP > Co-HBAP > HBAP.
Mechanism of Inhibition
Adsorption of inhibitors over metal surfaces may happen in two different ways: Physical adsorption and chemical adsorption. Chemisorption involves charge sharing or charge transfer in between inhibitor molecules to the metal surfaces of interest to form a coordinate type bond. Generally transition Orientation of the inhibitors on ferrous oxide surface has been shown in Figure 10 (a). From the figure it is clear that the orientation of inhibitors depends on their concentration. At low concentration of inhibitor, orientation of studied inhibitors are parallel to the oxygenated metal surface. As the concentration of inhibitor molecules are increased, orientation of inhibitor molecules are changed from parallel to vertical position as shown in Figure 10 .
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For HOMO of the studied inhibitors it is observed that in the HBAP and in it's metal complexes the benzene ring, C=N and the heteroatom donors (e.g.; N, O etc) site has larger electron density while for LUMO CC, C=N and benzene ring has larger electron density, therefore it can be suggested the adsorptions centre are on benzene ring, C=N and heteroatom sites. The inhibitor molecules, e.g.; HBAP or its metallated versions can be easily adsorbed on the chrome steel surface on the basis of donoracceptor interactions between the  electrons of the benzene ring, C=N and vacant d-orbitals of the metal atoms [ Figure 10 (c) and (d)]. After increasing the concentration of inhibitor better compact and protective layer is formed and due to its more compactness significant surface coverage is occured on metal surface. In this way inhibition efficiency increases with increasing inhibitor concentration. In this work the inhibition efficiency of HBAP like organic ligand and it's a few selective metal schiff base complex inhibitors over chrome steel in 0.1 N HNO 3 solution is thoroughly investigated.
CONCLUSION
Their inhibitory efficiency increased with an increase in their concentration. It is concluded that towards chrome steel corrosion inhibition study, Ni-HBAP is the best of this batch while ligand HBAP has the lowest corrosion inhibition property. The polarisation curves have shown that HBAP and all three of its HBAP-metal-complexes are mixed type corrosion inhibitors. The inhibition efficiency obtained from weight loss as well as from Tafel polarisation are in good agreement to each other. The adsorption of inhibitors on chrome steel surface obey Langmuir adsorption isotherm. Systematic SEM studies confirm in acid solution the protection of chrome steel surface by the studied inhibitors. UV-Visible absorption spectral studies has confirmed inhibitors' stability in acid solution. All these studies help us for better insightfulness in finding out the most suitable inhibitor from a group of metal-complex as corrosion inhibitory materials. In addition, design of experiments (DOE) study assists us for a rapid and wiseful conclusion and for selection of molecules in finding out the best inhibitor. DFT computational studies helps us to compare inhibition efficiency (vide ΔE= E LUMO -E HOMO energy gap calculation) of a wide number of inhibitors on chrome steel surface.
